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STUDY OF AUTOIMMUNE DISEASE IN NEW ZEALAND MICE
I. GENETIC FEATURES AND NATURAL HISTORY OF NZB, NZY AND
NZW STRAINS AND NZB/NZW HYBRIDS*
IRWIN M. BRAVERMAN, M.D.
METHODS AND MATEEIALS
Animals. Drs. Helyer and Howie, University of
Otago, Dunedin, sent us breeding pairs of NZB,
NZW and NZY mice. Seven to 9 generations have
been born in our laboratory from brother-sister
matings. The NZB strain is in the 65th generation,
NZW in the 38th and NZY in the 55"'. The ani-
mals are fed regular laboratory chow supplemented
with sunflower seeds and oatmeal. F1 B/W hybrids
were derived from mating NZB females with
NZW males and the reciprocal cross. Identical
disease is produced by the 2 crosses. However,
most of the F2 hybrids were produced by breeding
NZB females with NZW males since this proved
to be a more fertile mating combination. F2
through F5 hybrids were also produced.
Pregnant Swiss albino ICR mice (specific patho-
gen free) were obtained from Charles River Farms,
North Wilmington, Mass. to provide newborn mice
used in the viral studies. Adult Swiss ICR mice
have been used primarily in our various experi-
ments. These mice have been purchased from
Charles River Farms as well as from our own
breeding colony which was started with animals
from Charles River Farms. Over an 18 month
period several groups of Swiss ICR mice of various
ages, have been obtained from these two sources
and the presence of renal disease in this randomly
bred strain was evaluated. A total of 100 animals
were studied.
Kidneys from axenic Swiss-Webster mice 6 and
14 months old were kindly furnished by Dr. Morris
Pollard of the Lobund Laboratories at Notre
Dame.
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Animals were killed by cervical dislocation for
necropsy.
Hematologic Studies. Blood was collected from
the retro-orbital venous plexus or tail. Micro-
hematocrits were determined by standard tech-
niques, and reticulocyte counts were performed
using New Methylene Blue as stain.
Tests for Autoimmune Markers. Direct Coombs'
test. Goat anti-mouse gamma globulin (Hyland)
was absorbed 3 times with washed Swiss albino
red blood cells to remove non-specific agglutinins.
Immunoelectrophoresis of the antisera against
normal mouse serum showed only bands charac-
teristic of IgG and IgA to be present. Red blood
cells to be tested were washed 3 times in 0.85%
saline, diluted to a 2% suspension and 1 drop
mixed with an equal amount of Coombs' serum
(1: 10) in a 10 X 75 mm test tube. After centrifu-
gation at 3000 rpm for 15 seconds, the presence of
agglutination was detected macros°copically or
microscopically. Known positive and negative red
blood cells were included in each test run.
Antinuclear factor (ANF). Nuclei of leucocytes
in normal mouse blood smears fixed in absolute
ethanol for 10 minutes served as the nuclear anti-
gen. Fluorescein conjugated goat anti-mouse
gamma globulin (Hyland) was passed through a
DEAE-cellulose column to eliminate nonspecific
staining according to the method of Goldstein
et al (1). Immunoelectrophoresis against normal
mouse serum showed only bands characteristic of
IgG and IgA to be present. Test sera were placed
on the blood smear for 30 minutes at room tem-
perature in a moist chamber. After washing in
pH 72 phosphate buffered saline, the slides were
covered with the fluorescein conjugate for another
30 minutes. Specificity was controlled by blocking
the reaction with non-fluorescein conjugated anti-
serum and by substituting a known negative serum
for the test serum.
L.E. cell test. The animal's blood was collected
in microhematocrit tubes and allowed to clot.
After the clot was broken up with a fine wire, the
tube was incubated at 37° C for 2 hours and cen-
trifuged. A smear was made of the huffy coat and
stained with Wright's stain. L.E. cell phenomena
consisted of L.E. cells, rosettes and hematoxylin
bodies.
Histologic Methods. Tissues were fixed in 4 per
cent buffered formalin, cut at 4 microns and
stained with hematoxylin and eosin and periodic
acid-Schiff (PAS). Special stains were employed
when indicated: congo red, crystal violet and
thioflavin-T were used to detect amyloid, and
Putt's fibrin stain and phosphotungstic acid-hema-
The
NZW,
(B/W)
disease.
New Zealand strains of mice NZB,
NZY and their hybrids NZB/NZW
are models of human "autoimmune"
In this paper we want to report our
experience with these animals, stressing the
genetic aspects of the disease, the autoimmune
abnormalities in the presumedly normal NZW
and NZY strains, and the inability to tram-
mit this disorder to Swiss albino ICR mice
with cell free filtrates.
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toxylin were used to stain for fibrin. Cryostat sec-
tions of kidney were prepared in a Lab-Tek ap-
paratus and cut at 4 microns at 20° C. The sec-
tions were air dried, fixed in absolute acetone for
10 minutes and washed in pH 7.6 phosphate buff-
ered saline before use. Fluorescein conjugated goat
anti-mouse gamma globulin was applied for 30
minutes at room temperature in a moist chamber.
A Leitz microscope equipped for fluorescence
microscopy was used in the immunofluorescent
studies.
Viral Studies. A 16 month old female B/W
mouse with a positive Coombs' test, antinuclear
factor and renal disease was killed by cervical dis-
location. Kidney, spleen, 4 lymph nodes and
thymus were removed aseptically. The tissues
were minced and homogenized in tissue culture
medium in a 10 per cent w/v concentration in an
alcohol-ice bath at 4° C. The medium consisted of
45 per cent Hank's balanced salt solution, 45 per
cent bovine amniotic fluid, 5 per cent inactivated
horse serum, 5 per cent beef embryo extract, peni-
cillin 100 units/ml and streptomycin 100 -y/ml.
An aliquot was passed through a 0.45 micron
Millipore filter to prepare a cell-free filtrate. The
homogenate was stored at 4° C aad used within 30
minutes after preparation. Identical tissues were
removed from an 18 month old NZB female with
hemolytic anemia and renal disease, but only cell
free filtrates were prepared from this animal.
Three hundred Swiss albino ICR mice, less than
24 hours old were divided into nine groups. Each
group was inj ected intracerebrally and intra-
peritoneally with one of the following substances:
B/W kidney filtrate, B/W kidney homogenate,
B/W pooled lymphoid tissue filtrate, B/W pooled
lymphoid tissue homogenate, NZB kidney filtrate,
or NZB pooled lymphoid tissue filtrate. Control
substances for inoculation iocluded the tissue cul-
ture medium, ICR pooled kidney and liver fil-
trate, and ICR pooled kidney and liver homoge-
nate. The volume of the intracerebral injection
was .01 ml and the iutraperitoneal .02 ml. Two
hundred and ninety mice survived. Animals were
tested for ANF and Coombs' positivity at 3, 6,
9, 12 and 14 months. Six animals from each group
were killed beginning at 6 months and their kid-
neys examined histologically. The experiment was
terminated at 14 months. Thirty uninoculated
newborn Swiss mice serving as additional controls
wore similarly studied.
Genetic Studies. Three hundred F1 and F, B/W
hybrids were tested for ANF, Coombs' positivity
and L.E. cell phenomena at intervals from 5 to
16 months. For the backcross studies (BC), F1
hybrids were mated with NZW mice by reciprocal
crosses. Identical signs and symptoms were pro-
duced by both mating combinations. One hundred
and twenty four BC mice 12 to 14 months old
were tested in identical fashion. Eighty NZW and
60 NZY mice, 12 to 18 months old were similarly
tested for the presence of serologic abnormalities
and renal disease.
Urinary Protein Excretion. Proteinuria was esti-
mated qualitatively using a reagent strip, Combi-
stix (Ames).
RESULTS
Natural History
NiB Strain. In our colony, a positive direct
Coombs' test can be found at 4 months of
age and virtually all mice become positive by
10 months (150 animals tested). Male and fe-
male NZB mice develop a positive direct
Coombs' test at the same age and rate. How-
ever the Coombs' test tends to be more
strongly positive in the males than in the fe-
males. Macroscopic agglutination occurs in 85
per cent of the positive Coombs' tests in the
NZB strain. Anemia and reticulocytosis do not
appear until one to five months after the
Coombs' test has become positive. Hemolytie
anemia develops in virtually every animal by
15 months. Only 2 of 50 NZB mice 10—14
months old had a positive ANF test or L.E.
cell phenomena. All NZB mice 10 months and
older (75 examined) had histologic evidence of
renal disease. Well defined glomerular lesions il-
lustrated in Figs. 1 and 2 were found as early
as 8 weeks in 6 of 15 animals examined. Mul-
tiple nodule formation along the outer aspect
of the glomerular capillary basement mem-
brane, considered to be practically pathog-
nomonic of renal disease was present in these 6
animals (2). The fully developed renal lesions
in the NZB animal wore less florid than those
seen in the F1 B/W hybrid. Significant pro-
teinuria (2+ to 3+ as determined by reagent
strips) did not develop in our NZB and other
New Zealand strains until the glomerular le-
sions were well advanced (Figs. 6 to 5).
NZY Strain. In 60 NZY mice, 12 to 18
months old, Coombs' positivity first developed
at 12 months and was present in the majority
of animals by 15 months (Table 1). In 15 per
cent of the animals the Coombs' test was
macroscopically positive. Four females had
hematocrits less than 30 per cent and reticulo-
cyte counts greater than 10 per cent. ANF and
L.E. cell phenomena occurred twice as often in
female as in male mice. There was less diver-
gence in frequency of Coombs' positivity be-
tween the sexes. All animals had histologic evi-
dence of renal disease identical to the changes
found in other New Zealand mice (Fig. 9).
NZW Strain. A microscopically and weakly
Figures 1—10 illustrate the spectrum of renal lesions seen in NZB, NZY, NZW strains
and B/W hybrids. Figs. 3—6 are from same animal and of the same magnification.
Fm. 1. Eight week old NZB female. PAS positive material and focal hypercellularity in
portion of glomerulus. Arrow indicates focal basement membrane thickening with nodule
formation. PAS stain. X 670.
Fm. 2. Eight week old NZB female. Focal cellular proliferation. Arrows point to nodule
formation on basement membrane. PAS stain. X 1650.
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FIG. 3. B/W male, 12 months old. Early glomerular lesion. PAS positive material ac-
cumulating in mesangium. PAS stain. >< 670.
FIG. 4. Same animal as in Fig. 3. Glomerulus increasing in size. PAS stain. >< 670
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FIG. 5. Same animal as in Fig. 3. More advanced lesion. Arrow indicates nodule forma-
tion on basemcnt membrane. Glomerulus increasing in size. PAS stain. X 670.
Fio. 6. Same animal as in Fig. 3. Glomerulus severely involved and greatly increased in
size. Arrow indicates nodule formation. Fibrinoid change and necrosis present. PAS stain.
X 670.
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FIG. 7. B/W female, 10 months old. PAS positive material forming large masses and
obliterating capillary spaces. Crescent formation present. PAS stain. >< 670.
Pie. 8. B/W female, 12 months old. Hyalinization of glomerulus, necrosis, wire loop
and crescent formation. Hematoxylin and cosin stain. X 670.
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positive Coombs' test first developed at 12
months of age, and affected 50 per cent of the
animals by 18 months (Table 2). Macroscopic
agglutination was never seen and hemolytic
anemia did not develop. ANF was found in
only 3 of 80 animals, and L.E. cell tests were
negative. Twenty of 40 animals killed at 18
months had histologic evidence of renal dis-
ease identical to that seen in the other strains
(Fig. 10). DeVries and Hijmans have also ob-
served renal abnormalities in their NZW
mice (3).
TABLE 1
Positive Tests for Autoimmune Markers in
NZY Mice
12 months 15 months
Female Male Female Male
ANF 1j 1iii 14i 14u
Coombs' 2 !
Positive 10 10 16 34
TABLE 2
Positive Tests for Autoimrn'avie iWarkers
in NZW Mire
12 months 15 months
Female Male Female Male
ANF 0—
20
0
—
27
9
--
12
1
—
21
Coombs'
Positive
2
20
3
27
6
12
12
21
F1 B/W Hybrid. Coombs' positivity, ANF or
L.E. cell phenomena first developed at 5
months of age in F1 B/W hybrids. All F1
hybrids developed one or more of these ab-
normalities by 12 months of age. Only 25 per
cent of the positive Coombs' tests in B/W hy-
brids showed macroscopic agglutination. Anemia
and rcticulocytosis occurred in only 10 per cent
of the F1 (and F2) hybrids compared with vir-
tually 100 per cent in NZB mice. The sexes were
equally affected.
Nuclear membrane staining was the most
Rio. 9. NZY female, 18 months old. Multiple hyaline thrombi, PAS positive. PAS stain
)< 670.
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FIG. 10. NZW male, 18 months. Masses of PAS positive material in glomerulus with
focal thickening of basement membrane. Compare with Fig. 7. FAS stain. >< 670.
common pattern of fluorescence seen in the test
for ANF. Homogeneous staining of the nuclei
was less common and the speckling pattern
was not observed.
Histologic evidence of renal disease was
found in all 150 F1 B/W mice examined. Five
per cent of F1 hybrids had edema, ascites, and
massive proteinuria indicative of the nephrotic
syndrome. In general, the morphologic features
of the renal disease in these 3 strains and hy-
brids are identical—only the intensity varies.
An infiltrate composed of plasma cells, lym-
phocytes and other mononuclear elements ap-
peared periarterially in the hilum of the kidney
at 6 months in all mice of the NZB, NZW,
NZY strains and B/W hybrids. Serial sections
of fully developed lesions demonstrated that the
perivascular accumulation of cells followed the
arterial branches and produced foci of cells in
the cortex and medulla (Fig. 11). Similar ac-
cumulations could be found around the major
arteries of the lung and liver. These perivas-
cular collections are not unique to these ani-
mals. We have found them in all of the follow-
ing murine strains: CB1, C3H, DBF, Swiss
albino ICR and axenic Swiss Webster mice.
This collection of cells may represent a lymph-
oid system reacting primarily to infectious
agents because it was present but minimally
developed in only 3 of 9 axenic Swiss Webster
mice, 14 months old. The perivascular ac-
cumulation of lymphoid cells would ap-
pear to represent a reactive process to infec-
tious and other environmental agents rather
than a mediator of the renal damage seen in
these animals. There was no correlation be-
tween the intensity of the perivascular accu-
mulation and the severity of the renal lesions in
the New Zealand mice and their hybrids.
Genetic Data. Coombs' positivity, ANF,
L.E. cell phenomena and renal disease were
found in F1 through F5 generations.
All F1, F2 and BC animals which developed
a positive Coombs' test, ANF or L.E. cell phe-
nomena did so by 12 months of age. Addi-
tional testing at 16 months revealed that ani-
mals negative for one or more tests at 12
months were still non-reactive. The assump-
tion has been made that a significant increase
in the number of positive tests after this time
does not occur.
The genetic data on F1, F2 and BC animals
I
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FIG. 11. B/W male, 12 months old. Dense perivascular accumulations of lymphocytes,
plasma cells and other mononuclear cells. Hematoxyhn and eosin stain. x 65.
are presented in Table 3. The sexes are
pooled, and the numbers in parentheses refer
to the number of animals tested. All F5 mice
had one or more abnormalities by 12 months.
In the F2 generation, 25 per cent did not de-
velop Coombs' positivity or ANF. In the back-
cross, 68 animals had one or more abnormali-
ties compared to 56 which had none.
These tests are correlated with the sex of
the animal in Table 4. ANF and Coombs' posi-
tivity occur with equal frequency in F'1 males
and females. In the F2 generation, ANF oc-
curs twice as often in females, but Coombs'
positivity remains equally divided between
sexes. Twice as many males as females fail to
develop any positive test.
The BC animals show similar findings. The
percentage of positive Coombs' tests is equal in
the sexes, but ANF appears twice as often in
females. The ratio of males to females without
positive tests is identical to that found in the
F,, animals.
Morphologic evidence of renal disease was
found in all the F1, F2 and BC animals, as
well as in the F8, F4 and F5 mice.
TABLE 3
Auloimmune Markers in F5 and F2 B/W
Hybrids and BC Animals One Year
and Older
Coombs'
Positive ANF
L.E. cell
phenomeoa
Noaboor-
malities
F2 66%
(107)
77%
(107)
67%
(81)
0%
(107)
F2 51%
(200)
49%
(200)
47%
(74)
25%
(200)
BC 33%
(124)
34%
(124)
—
—
45%
(124)
Numbers iii parentheses
animals tested.
refer to number of
In the F1 mice, the renal changes were uni-
formly severe, but in the F2, BC and the other
F,, to F5 animals, a gamut of mild to severe
glomerular changes were seen.
The sequential changes in the development
of renal disease can be summarised as follows:
The earliest changes are the accumulation of
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PAS positive material in the central and pe-
ripheral portions of the glomerulus, often ac-
companied by focal proliferation of endothelial
and mesangial cells (Figs. 1—5). Thickening of
the basement membrane develops focally and
PAS positive nodules can be seen along the
outer aspect of the membrane (Figs. 2 and 5).
In the late stages, the entire glomerulus is en-
larged and packed with masses of PAS posi-
tive material which may appear hyalinized.
Foci of necrosis, karyorrhexis and fibrinoid
change are seen in well developed lesions (Figs.
6—8). Hyaline thrombi, some related to fibrin
and some to aggregated platelets wore ob-
served also (Fig. 9). Most of the changes de-
scribed in this sequence could be observed in
individual histologic sections.
The hyalinizcd glomeruli and thrombi did not
stain for amyloid. Fibrin and gamma globulin
could ho identified in the hyalinized glomeruli
and some of the hyaline thromhi by special
stains and immunofluorescent technique re-
spectively. Accumulation of gamma globulin
was also observed in the mesangium and
along the basement membrane.
Tubular dilatation and atrophy and fibrinoid
necrosis of the walls of vessels, accompanied by
a surrounding granulomatous reaction were
observed only in association with the severest
glomerular lesions (Fig. 12). Crescent forma-
tion and adhesions were not seen as frequently
No abnor-
nialities in our B/W mice as in other studies (4, 5).
Approximately 75 per cent of the F1 mice
had severe renal changes when they died as
O illustrated in Figs. 7 and 8. The remaining
animals had moderately severe lesions (Figs. 5
O and 6). However, only 20 per cent of the F1
and BC animals had severe glomerular lesions,
the remainder showing less severe abnormali-
31% ties as illustrated in Figs. 3—5. F1 and BC ani-
(108) mals with negative Coombs' and ANF tests,
16% had an identical gamut of glomerular lesions.
(92) Renal disease was transmitted independently
of serologic abnormalities.
No correlation could be made between sex,
60% presence of ANF, LB. cell phenomena or
Coombs' positivity and the severity of renal
(62) disease in F1, F, and BC animals. When theydied, the renal lesions of the F5 males were as
severe as those of the female. The development
of the renal lesions was probably slower in
males and could account for the difference in
longevity between F1 males and females.
The survival data of F1 and F1 mice are
shown in Figure 13. The F1 females died 2 to 3
months earlier than the males. The longevity
of F1 males and females was the same and
similar to that of the F1 males. The milder
forms of renal disease encountered in the
F1 generation is responsible in part for the
longer life of the F1 female compared with her
F1 counterpart.
The mean survival time in months for F1
and F1 animals is shown in Table 5. Whereas,
70 per cent of F1 females are dead by 12
months, only 37 per cent of F1 females have
died. In a current survey of 117 F1 females, 30
per cent died by 12 months.
In Howic's series, F1 female mice had a mean
longevity of 8.9 months, and F1 males, 13.4
months. The spread in longevity was identical
to that seen in our animals (6).
Viral Studies. It was not possible to transmit
serologic abnormalities or renal disease to
Swiss ICR mice with cell free filtrates or tissue
homogenates from NZB and F1 mice. However,
spontaneously developing renal lesions identical
to the mild and moderate changes seen in New
TABLE 4
Correlation of Autoimmune Markers with
Sex of F, , F1 and BC Animals
Coombs' ANF L.E. cellpositive phenomena
F1
Male
Female
F,
Male
Female
BC
Male
Female
69%
(49)
62%
(32)
34%
(38)
66%
(36)
63%
(66)
71%
(41)
51%
(108)
51%
(92)
31%
(62)
39%
(62)
75%
(66)
79%
(41)
38%
(108)
61%
(92)
22%
(62)
44%
(62)
Numbers in parentheses refer to number of
animals tested.
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Fro. 12. B/W female, 12 months old. Fibrinoid necrosis of vessel wall with surrounding
granulomatous reaction within the perivascular accumulation of mononuclear cells. Gb-
meruli severely involved. PAS stain. X 165.
Fig. 13. Longevity of F1 and F2 B/W hybrids. Number of animals indicated on ordinate
Zealand mice were found in 50 per cent of the
ICR mice.
DISCUSSION
The geneology of these New Zealand mice is
important in understanding the genetic and
clinical aspects of their autoimmune disease. In
1939, Hall brought a randomly bred mouse
colony of various coat colors from Mill Hill in
London to the University of Otago in Dunedin,
where he is Director of the Animal Depart-
ment. In 1945, Bielschowsky selected 3 pairs
of mice matched for coat color for inbreeding:
agouti, chocolate brown and tan. The agouti
pair gave risc to the inbred black NZB line in
the F2 generation and to the NZO line in a
later generation. The chocolate brown pair
produced the NZS and NZC lines. The tan
10
n
• F1
0 F2 f
• F1
0 F2 ?
7 8 9 10 II 12
MONTHS
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ANF and L.E. cell phenomena are essentially
absent in our NZB mice. A similar observa-
tion has been reported by Mellors and de-
Yries and Hijmans for their NZB colonies
____________________________________________
(2, 15). However, Miyasato et al. and Holborow
et al. detected ANF in 20 to 30% and Norms
and Holmes in 45% of their NZB mice (15,
16, 17). Males and females were equally af-
fected. Although different immunofluorescent
techniques were used to detect ANF in all these
studies, environmental factors or small genetic
differences between sublines could also be re-
sponsible for these variations.
The genetic data are compatible with the
following model. The hypothetical genotypes of
the NZB and NZW mice are shown in Fig. 14.
A single dominant gene (C) present in the
NZB strain (genotype CCnn) determines a
strongly positive Coombs' test and hemolytic
anemia. The NZW strain (genotype ccNN)
carries a dominant modifying gene or genes (N)
which is inactive in the absence of (C). The
genetic contribution (N) from the NZW part-
ner modifies the gene (C) so that a certain pro-
portion of F1 hybrids (CcNn) develop ANF
either alone or in combination with a positive
Coomhs' test. Hemolytic anemia is minimized
and L.E. cell phenomena maximized. The F2
hybrids show the following distribution of au-
toimmune markers: approximately 20% have a
positive Coombs' test, 30% ANF and 50%
both a positive Coombs' test and ANF. In the
F2 and BC animals (Figs. 14 and 15), genetic
segregation would be expected to produce ani-
mals with genotypes (ccNN, ccNn, ecnn)
lacking the dominant factor (C), thus resem-
BACKC ROSS
(F, 81W) (NZW)
CcNn X ccNN
CcNN ccNN
CcNn ccNn
Fic. 15. Genetic model with hypothetical geno-
types of F1 hybrid, NZW strain and hackcross
progeny.
TABLE 5
Mean Longevity in Months of F, and F2
NZB/NZW Hybrids
Female Male
F2 11.3 (132) 13.9 (43)
F2 14.7 (43) 14.6 (44)
Numbers in parentheses indicate number of
animals involved.
(NZB) (NZW)
CCnn X ccNN
F CcNn
1VtN%
CCNN CcNN ccNN
F2 CCNn CcNn ccNn
CCnn Ccnn ccnn
FIG. 14. Genetic model with hypothetical geno-
types of parental strains and F1 and F1 hybrids.
pair became the progenitors of the piebald
NZY strain in the F4 generation (7).
Hall subsequently developed the inbred NZW
strain from the same mixed colony in 1952
(8).
Bielschowsky and Bielschowsky crossed NZB
with NZC mice and found that 100 per cent
of F1 animals and 74 per cent of the F2 animals
became Coombs' positive, suggesting that a
single gene pair was responsible for this ab-
normality (9). Helyer and Howie crossed
NZB with several other inbred New Zealand
strains and were able to produce hybrids ex-
hibiting either hemolytie anemia or nephritis
as the dominant feature of the disease (10, 11,
12). Holmes and Burnet crossed NZB with
AKR and C2H mice but were unable to produce
hybrids showing either significant hemolytie
disease or nephritis (13, 14). It appears that
only the several inbred strains derived from
Hall's original colony are capable of producing
autoimmune disease, and that the severity and
nature of the disorder in the hybrids is deter-
mined by the genetic contribution from the
strain mated to the NZB animal.
ATJTOIMMIJNE DISEASE IN NEW ZEALAND MICE 495
hung the parental NZW strain whether they
carried (N) or not. ANF and hemolytic
anemia would be absent in these animals. The
data show that 25% of the F2, and almost 50%
of the BC animals behaved in this fashion, sug-
gesting that (C) and (N) each behave as single
genes (Table 3).
The F2 and BC mice can be classified in 4
ways: Coombs' positive, ANF positive, both
tests reactive or neither test positive. The ex-
pected percentages of mice showing these 4
possibilities are shown in Table 6 and the
data are compatible with this genetic model.
It must be presumed that the sex difference
in the F. and BC with regard to the presence of
ANF is due to complicating genetic factors.
The F1 animals do not show a sex difference in
the prevalance of ANF. Burnet and Holmes
(18) and Miyasato et at. (5), also have re-
ported that there was no sex difference in the
prevalence of ANF detected by immunofluo-
rescent technique in their F1 B/W mice. Dubois
et al. did find that ANF was more frequent in
his F, females, but the latex particle agglutina-
tion technique which he employed is not as
sensitive as the immunofluorescent technique
for detecting ANF (19).
The data also indicate that renal disease is
transmitted independently of ANF and
Coombs' positivity. Multiple genes arc most
likely involved because of the spectrum and
milder renal lesions observed in the F, and BC
animals.
Small genetic differences in the various sub-
lines of the NZB strain, as well as environmen-
tal factors most likely account for the variabil-
ity of disease in different laboratories: variation
in time of onset of Coombs' positivity and in the
prevalence of ncphritis and ANF. Further study
of the various inbred New Zealand strains and
their hybrids appears to be the most potentially
rewarding approach for unravelling the genetics
of this autoimmunc disease.
We were not able to transmit autoimmune
hcmolytic or renal disease from B/W and
NZI3 mice to newborn Swiss albino ICR ani-
mals by cell free filtrates and tissue homoge-
nates. Although our viral studies were limited,
Holmes et at. (20) and East et at. (21), in
more extensive experiments also have been un-
NZB mice. Viral particles have been observed
in Ihymus, spleen and kidney of fetal and
adult NZB mice as well as in the lympho-
matous tumors of adult NZB mice with the
electron microscope by Mellors and Huang (22,
23) and East ct at. (24). However, there is no
conclusive evidence that that the virus is onco-
genie or related to the induction of autoimmunc
hcmolytic anemia or renal disease. No one
has been able to induce a positive direct
Coombs' test in young NZB animals or mice of
other strains by cell free filtrates of spleen or
lymphomatous tumors containing virus from
adult NZB animals (21, 22, 23). Nor has the
passage of these NZB tumor cells and cell free
filtrates derived from them resulted in the in-
duction of Coombs' positivity or tumor growth
in young NZB mice (22).
Mellors and Huang induced a positive in-
direct Coombs' test in Swiss albino mice by
the neonatal intrapcritoncal injection of cell
free filtrates of splcnic tissue from old NZB
mice (23). However, the minimum criterion for
the presence of hcmolytic anemia—a positive
direct Coombs' test was produced in none.
Mcllors and Huang also reported focal mcm-
branous glomcrulonephritis in young NZB and
Swiss albino mice after inoculation of ccli free
filtrates from the lymphomatous tumors and
splecns of old NZB animals (22, 23). The cri-
terion for successful transmission of renal dis-
ease was the demonstration of early glomcru-
lar lesions in recipients less than 16 weeks old.
The renal histologic abnormalities included
the accumulation of PAS positive material in
the mesangium and focal thickening of the
capillary basement membrane with multiple
nodule formation. We have found identical
glomcrular lesions arising spontaneously in our
NZB mice at 8—12 weeks of age (Figs. 1 and 2).
dcVrics and Hijmans also reported glomerular
changes developing as early as S weeks of age
in their NZB animals (3). The unequivocal
demonstration of the transfer of renal disease
from NZB mice to syngencic and allogcncic
strains by spleen cells or cell free filtrates will
be difficult unless far advanced glomerular le-
sions are produced in the recipient as illustrated
in Figs. 6—S.
Studies dealing with the transfer of hemolytic
and renal disease from NZB animals to other
mice arc fraught with yet other pitfalls. Al-
though our viral studies were negative, we
found that 50% of the Swiss ICR mice including
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the uninoculated controls, developed glomerular
lesions identical to those of the NZB mice il-
lustrated in Figs. 1—5. A survey over an 18
month period of different groups of Swiss ICR
mice from our 2 sources of supply revealed
TABLE 6
Percentage Distribution of Positive and Negative
Tests in the P2 and BC Animats*
Positive
Coombs'
Positive
ANF
Both
tests
positive
Neither
test
positive
F2
Theoretical
Observed
BC
Theoretical
Observed
30
26
10
16
17
24
15
21
28
25
25
15
25
25
50
48
* Based on tohlowing assumptions for each
geno%pe:C-n- = Coombs' positive 100%, ANF positive
0%.
C-N- = Coombs' positive 20%, ANF positive
30%, both tests positive 50%.
= Coombs' positive 0%, ANF positive 0%.
that 10 to 50% of the mice in each hatch also
had these glomerular lesions. The earliest gb-
merular abnormality could be found at 3
months (Fig. 16).
Moderately severe renal lesions were found
in all 7, 14 month old axenic Swiss-Webster
mice examined (Figs. 17 and 18). All 7 axenic
Swiss mice 6 months old had glomerular lesions
identical to those illustrated in Figs. 3 and 4.
The glomerular lesions of the Swiss ICR and
Swiss-webster mice did not stain for amyloid.
A weakly positive direct Coombs' test was
found in our ICR mice beginning at 8 months.
By 18 months, 80% of the animals had a posi-
tive test in the absence of hemolytic anemia.
The genetic basis for autoimmune disease in
New Zealand mice appears to be established.
However, the role of environmental factors,
especially viral infection, as the triggering
mechanism for the autoimmune process still
has to be defined. Experiments designed to un-
cover a viral etiology for autoimmune dis-
ease in New Zealand mice will have to in-
clude controls much more stringent than those
used previously.
Finally, our observations on the development
of hemolytic anemia in the NZB mouse confirm
Fm. 16. Swiss albino ICR female, 3 months old. Untreated control. PAS positive ma-
terial accumulating in mesangium. Compare with Figs. 1 and 3—5. PAS stain. >< 1 CIlO
a fl S4hW
Fso. 17. Axenic Swiss-Webster albino female, 14 months old. Diffuse deposition of PAS
positive material in glomeruli. Amyloid stains negative. PAS stain. >< 670.
Fio. 18. Axenie Swiss-Webster albino female, 14 months old. Arrows indicate focal
thickening of basement membrane with nodule formation and PAS positive material in
mesangium. PAS stain. >( 1650.
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the work of Lindsey et al. (25). Coombs' posi-
tivity should not be equated with the presence
of active hemolytic disease in the NZB ani-
mal. A strongly positive direct Coombs' test
can be present for 1 to 5 months before hemo-
lytic anemia develops as determined by a
low hematocrit, elevated reticulocyte count and
shortened survival of chromium labelled red
cells. The onset of the hemolytic process ap-
pears to be determined by factors other than
simply Coombs' positivity. These studies will
be reported in another paper.
SUMMARY
1. The natural histories of the NZB, NZY,
NZW and B/W animals are presented. Features
of autoimmune disease are found in NZY and
NZW mice as well as in the NZB strain.
2. Renal disease is transmitted independently
of ANF and Coombs' positivity and appears
to be determined by multiple genes.
3. The genetic contribution from the NZW
to the NZB mate appears to allow ANF in ad-
dition to Coombs' positivity to develop in the
F1 hybrid.
4. Segregation of these genetic factors in the
F1 and backcross produces a proportion of
mice in whom ANF and Coombs' positivity do
not develop.
5. It was not possible to transmit autoim-
mune disease from B/W and NZB mice to
Swiss albino ICR animals with cell free fil-
trates and tissue homogenates.
6. The problem of controls in the study of
autoimmune disease in New Zealand mice is
discussed.
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